In the present study, the type and densities of defects in AlN crystals grown on 6H-SiC seeds by the sublimation-recombination method were assessed. The positions of the defects in AlN were first identified by defect selective etching (DSE) in molten NaOH-KOH at 400 °C for 2 minutes. Etching produced pits of three different sizes: 1.8, 2.4, and 2.9 µ m. The etch pits were either aligned together forming a sub-grain boundary or randomly distributed. The smaller etch pits were either isolated or associated with larger etch pits. After preparing cross-sections of the pits by the focused ion beam (FIB) technique, transmission electron microscopy (TEM) was performed to determine the dislocation type (edge, mixed or screw) associated with a specific etch pit size. Preliminary TEM bright field and dark field imaging using different zone axes and diffraction vectors indicates an edge dislocation with a Burgers vector 1/3 ] 0 2 11 [ is associated with the smallest etch pit size.
INTRODUCTION
Aluminum nitride is a wide-band-gap semiconductor that has drawn a lot of interest in the past decade, along with other III-V nitride materials, for its applications in the short wavelength optoelectronics and high-temperature, high-power and high frequency electronics [1] . One factor inhibiting the development of nitride based solid-state devices is the lack of a native substrate for III-V nitride growth. In most cases sapphire has been a substrate of choice despite its large lattice mismatch with AlN (a Al2O3 = 4.76 Å; a AlN = 3.112 Å), that results in a high density of extended and threading dislocations, which in turn reduces both the optical and electrical efficiency of the AlN [2] . By changing to homoepitaxial growth using AlN single crystal substrates, the defect densities will be drastically reduced. Thus, there is intense research worldwide to develop AlN single crystal substrates. Sublimation is currently the most successful method for growing bulk AlN single crystals. The basic method was most famously demonstrated three decades ago by Slack and McNelly [3] .
Expanding the crystal size remains a major problem for bulk AlN crystal growth. One solution is to employ silicon carbide seeds, since single crystal substrates up to 100 mm in diameter are commercially available. This process has been the topic of several papers by our group [4] [5] [6] [7] .
Defect selective etching (DSE) in molten salts has been applied to many materials by a host of researchers [2, [8] [9] [10] [11] ] to reveal dislocation densities attributed to defects (threading dislocations and nano-pipes). Since AlN is an anisotropic material, Al-or N-polar faces etch at different rates. Bickermann et al [12] [13] [14] [15] performed wet KOH etching on a free standing AlN crystal. They reported a lack of defect etching features on as grown rhombohedral and prismatic facets as N-polar basal planes exhibited hexagonal pyramid hillocks for etching at 240 o C and Alpolar basal planes produced hexagonal etch pits of uniform size. Zhuang et al [16] reported that DSE of AlN is best performed in molten NaOH-KOH eutectic at temperatures ranging from 170°C to 360°C depending on the crystallographic face being etched: while the nitrogen-polar face is etched rapidly at 170°C covering the whole surface with hexagonal pyramids, the aluminum-polar face is attacked only at sufficiently higher temperatures leading to hexagonal etch pits of uniform size. Bondokov et al [17] used atomic force microscopy (AFM) and scanning electron microscopy (SEM) images to associate etch pit type to a dislocation in which they identified a screw dislocation from the observed spiral step pattern.
Detailed measurements of the geometrical parameters of pits showed that the large pits formed on screw and mixed dislocations have an inclination angle of the side walls about twice that of pits formed on the edge dislocations [18] . The direction and magnitude of Burgers vector for edge, screw, mixed and nano-pipes are given by:
2 ), b nano = n × b s where n = 1, 2,..
The differences in magnitude of Burgers vectors should bring about changes in shape and/or size of etch pits depending on the type of dislocation. For gallium nitride, Weyher et al [18] [19] [20] established the association between three etch pit sizes and specific types of dislocations; the largest pits formed on nano-pipes, the medium size pits formed on screw and mixed dislocations, and the smallest pits on edge type dislocations. A similar relationship was reported for HCl etching of GaN at 600 o C [21] . On the other hand, Shiojima et al [22] found larger pits on mixed and smaller ones on edge dislocations.
The goal of the present study is to use TEM imaging (two beam condition) at different zone axes and diffraction vectors to systematically associate a particular etch pit size in bulk AlN single crystals with the specific types of defects.
EXPERIMENTAL DETAILS
The AlN crystals were grown by the sublimation-recondensation method in a resistivelyheated graphite furnace. The source material was AlN powder originally containing less than 1 wt % oxygen and 0.06 wt % carbon. Prior to crystal growth, the AlN souce powder was sintered 1900 ºC for 4 h, to lower the oxygen concentration to less than 0.1wt%. Si-face, 6H-SiC (0001) with a 3.5º misorientation toward the ) 0 2 11 ( was employed as the substrate. The temperature of the substrate was 5 -10 ºC lower than the source (1830 °C) materials and the crystal was grown for 100 hours. A thick AlN layer of thickness 0.75 mm was produced. Such thickness is far in excess of those obtained using common epitaxial growth techniques such as molecular beam epitaxy or metalorganic vapor-phase deposition. The sample was etched in a molten KOH/NaOH eutectic alloy at 400 ºC for 2 minutes.
Cross-sectional TEM specimens from selected etch pits were prepared using the focused ion beam (FIB) lift-out method [23] . A FEI Nova 200 dual beam (DB) FIB was used to prepare the TEM specimens. The lift-out specimens were then in-situ welded onto half copper-grids using Platinum. The specimens were analyzed using a FEI Tecnai 20 TEM and bright and dark field two beam diffraction condition imaging. . This method provides the direction of the Burgers vector, not the magnitude, but once the direction is known, the magnitude is unique. From reference [24] Since the density of the smallest etch pits is much higher compared to the that of etch pits of larger size, it can be concluded dislocations present are predominately edge type. Further study is underway to identify the type of dislocations associated with the etch pits of larger size. Table 1 . Burgers vector, zone axis, g vector, dislocation contrast, and g · b used in this analysis.
RESULTS and

CONCLUSIONS
Preliminary TEM bright field and dark field study was performed to assess the type and densities of defects in AlN crystals grown on 6H-SiC by the sublimation-recombination method. DSE in molten NaOH-KOH at 400 °C for 2 minutes was used to identify the nature and positions of the defects in AlN crystal. Three different group of etch pits with sizes 1. 
